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Abstract: In the direct shear tests on soil-rock aggregate (SRA), particle breakage occurs in micro vision, which will influence
its macro mechanical properties. On this basis, the laboratory large-scale direct shear tests and sieving analysis tests are
conducted for SRA with four kinds of moisture contents. The particle breakage is analyzed based on the test results, and the
connection between the micro particle breakage and the macro mechanical properties is established, which can eventually
deepen engineers’ understanding of macro mechanical properties. The results show that: (1) The particle breakage appears to be
obvious after shear tests, which can be divided into three types, i.e. complete-cut type, surface-ruptured type and
surface-grinded type; (2) In micro vision, the particle breakage is characterized by decreasing coarse particles, increasing fine
particles and fluctuation content of medium particles. In statistics, for the particle breakage, the grading curve is upward and in
macro aspect, “jumping” occurs in the shear stress-shear displacement curves, the strength of SRA is of nonlinear characteristics,
and the SRA with low, high and medium moisture contents exhibits strained softening, strained hardening and plastic-strain failure
models. In fact, the particle breakage results from the stress concentration of particles by touching with each other; (3) Either the
decrease of moisture content or the increase of normal pressure will cause the ratio of particles breakage to increase; (4) Both the
cohesion and the internal friction angle decrease like power function with the increasing moisture content.
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Table 1 Contents of each grain group before and after shearing

BRFE EREN RLZH 5 5 /% EhE
w /% o, /kPa 40~60 20~40 10~20 5~10 2~5 0.5~2 0.25~0.5 0.075~0.25 <0.075 Ps/%
BIET 9.13 15.35 16.15 18.66 15.43 10.11 2.90 8.52 3.75 59.29
200 5.27 14.18 15.02 18.40 14.65 10.76 4.40 9.31 8.00 52.87
3.4 400 4.86 10.90 9.83 15.66 13.19 13.26 6.08 13.94 12.26 41.26
600 3.96 10.53 8.72 12.75 13.03 13.07 7.06 15.26 15.61 35.56
800 2.34 9.89 8.42 11.42 13.62 13.55 7.40 15.64 17.72 32.08
200 7.38 14.37 14.63 17.81 14.21 10.39 4.07 9.72 7.41 54.19
9.2 400 5.48 13.31 11.61 15.34 11.47 12.85 6.22 12.07 11.65 45.74
600 4.73 11.68 10.91 14.26 10.95 12.85 6.67 13.90 14.06 41.58
800 4.24 11.16 10.51 12.05 11.87 9.62 9.22 14.85 16.48 37.96
200 7.82 14.47 15.68 17.97 14.27 11.49 4.14 9.01 5.16 55.93
(3.9 400 6.39 11.22 11.56 16.04 14.90 17.15 5.38 10.14 7.22 45.21
600 5.70 9.25 11.26 16.60 16.82 14.59 6.85 10.83 8.10 42.81
800 5.10 8.01 10.87 17.85 15.84 11.87 7.91 12.95 9.61 41.82
200 8.55 14.87 15.60 19.45 15.25 8.50 3.97 9.22 4.58 58.48
18.6 400 8.11 13.97 15.43 16.99 15.51 10.06 5.22 9.42 5.30 54.50
600 7.61 13.05 14.41 16.48 15.50 11.44 5.56 9.90 6.05 51.55
800 7.35 13.03 14.17 16.39 16.00 9.73 6.17 10.71 6.46 50.93
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Fig. 5 Histogram of contents of each grain group before and after

shearing (moisture content of 3.4%)
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Fig. 6 Grading curves of SRA before and after shearing

BT ERAER RS B, BT BT BURLRLAZ (1)
Ak, BES LA S SRR IR R DL, HLIHER T
VIE RN, SR B AN AR &R R
BT AR

K7 N2 ARG ET VLG R R B, 156
SR o I X 7 P RIS E R AT IS, AT ROR L,
X B 58 KE wakla ko, W2 T 7t
PRHR A

/
Br: an pa , (3)
a+be” +o,/p,

X, p, ARAIER (101.33kPa), a, b, fAME
ZH (a=15.38, b=0.24, £=0.30).
LA =4EEEmE 7 s, HAHKRE
R=0.93, ik, X FACHH AN ARERE, NE
FAX B2 B, 587K E wy EE ) o, W22 (3)
m&ﬁ%?% .
B 7 f1= (3) AR BN R
(D) HEKE w AR, BEERE o, X,
FIURLAE X AR B, TN HE K o FOURLAN AR 5 b iz 1]
Befl S E P A N R S5 R, Bl R, R
5y RAERERE . YRR R F7 o, RO, FRURE 8] [ B2 it 7 7R
K, Bk, B RO AR S AR . AR, V1]

Fe F R R A LA, 80K, 2950 A,
X FCRORE ] PR S AN RIABSE X, M T N ORE AR e S (1t
TEHMEFM .

[miamm] [

600

7 HEXRFER B 5RKE w, FEEEN o, HIXFR
Fig. 7 Relationship among B, wand o,
(2) SHEES o, MR, BE%A KK w 14
K BRI B SRR, B A Bk
B SRR . i TR R R 7T
H1 R AR BT 06, BT DI FLER A I 773k DU I T
ARG, FLBAK S TR, AL (AT 28 Sl
BV RIUAE 18] (1047 28t Ak ) BURLAN 25 2 B AR )
3T, KA, UK R PR £ 5 7K R R PO
A AR UL 8] 0 A B, 3 B3 T D7) L 7
Gy R B RVERRR, AT 2 BT R A A A



1430 H O+ T OB % M

2017 4¢

2.4 BINASHEYIBXFRIMLEST

(1) PR Hr

i B RIS B S IR AR BTN ) - B0
M2l 8 . HIERIRL, SRR EARG
FIBA BB BORIRE I, AT Ag R e, 2
PhNLAS TN AR A AL 3 RS A

700

600

0 16 2'0 3'0 4|0 5|0 6|0 7'0
B Ui /mm
(a) EKH34%

1
| 1 1 1 1
0 10 20 30 40 50 60 70 J13s 2
B/ mm [WMAMA I 1]
0 1
(b) #k9.2% 30 32 34
B /mm
400 -
800 kPa
300 -
§ 600 kPa
Ezoo- 400 kPa
=
100 /“%— 200 kPa
1 1 1 1 1 1 ]
0 10 20 30 40 50 60 70
B Y /mm
(c) BKk*E13.9%
400_
800 kPa
300 230 «
£ 600 kPa e
é 1 “ ” _ZZOR
gzm_ JM. 121043
= 400 kPa W 1™
32 34 36 38
100 BIYIi % /mm
200 kPa

1
0 10 20 30 40 50 60 70
B Y10 /mm
(d) #Kk#18.6%

8 THRRAMKTINS - SIS rhL
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Table 2 Values of shear modulus Gy, of SRA

(MPa)
FIKFE HIE o, /kPa
wl% 200 400 600 800
34 10.51 14.93 20.47 23.42
9.2 5.97 10.20 12.75 19.08
13.9 3.25 5.58 8.76 12.71

18.6 2.32 4.63 6.29 7.10
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Table 3 Values of shear strength of SRA

(kPa)
EES 1Ak /) o, /kPa
w/% 200 400 600 800
3.4 212.1 401.0 534.9 653.8
9.2 125.7 255.4 357.1 430.8
13.9 98.4 214.0 296.8 369.4
18.6 91.5 166.1 220.2 315.0
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Fig. 11 Nonlinear fitting of shear strength of SRA
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